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1. Name of Investigator: ■ Estea 0. Lindseth, M.D. 

2. Title: Associate in Surgery (Thoracic) 

3 .. Institution Emory University School of Medicine 

& Address.: Atlanta 22, Georgia 

4. Project or Subject: Measurement of the differential blood flow in the 

mammalian lung during the acute period of smoke inhalation, using the open 
chest animal and the method and principle of gamma! emitting radioactive 
graded microspheres. 

5. Detailed Plan of Procedure: 

A. Theory 

When the blood' flow through an organ> part of an organ, or extremity 
is to be measured, it is obviously of great interest how much the fractional blood 
flow through the A-V anastomoses, the A-V bridges and the tissue capillaries is of 
the total blood flow per unit weight of tissue. Due to the dual function of the 
capillaries in the lung and because the pulmonary A-V anastomotic and the tissue 
capillary flow ratio' might be different as compared with other organs, it is of• great 
interest to study these fractional flows in the mammalian lung under normal conditions 
and in this case particularly with respect to periods of acute smoke inhalation, and 
during the injection of nicotine in graded concentrations. There have been several 
approaches made to this problem, but very few apply to the study of the pulmonary 
fractional flow, mainly because of limitation of methods,. The methods of cast 
injection preparations ana the perfusion with immiscible fluids through the lung 
principally demonstrate the existence of arteriovenous anastomoses in the lung, but. 
the disadvantages are obvious as one cannot conclude anything about the quantity of 
the functional flow through these arteriovenous anastomoses. 


The use of inert gases with high diffusion capacities and the use of 
oxygen content, difference in the pulmonary artery and veins using the Fick principle 
obviously cannot distinguish between true arteriovenous anastomotic shunt flow with 
ventilation perfusion ratio of zero, and poorly ventilated alveolar capillaries, with 


ventilation perfusion ratio below the average of the whole capillary bed. The: total 
lung. 02' consumption of approximately 10$ of total body 0^ consumption will also 
automatically be integrated' in the results. • 
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We have, therefore, developed, a method which has proved to be able 
'to measure the blood flow through the arteriovenous anastomoses, the arteriovenous 
bridges and indirectly the capillary blood flow as the total blood flow was ' ;\f,' v ./vv . 
measured simultaneously. A known number of radioactive graded glass microspheres i;V/c‘. v ' 
With an arithmetic mean diameter of 20 microns and therefore small enough to pass ’’ 

through the arteriovenous anastomosis, but too large to pass through the capillaries 
or the A-V bridges, was injected into the artery of a segment of the organ. In the fll, 
beginning, of the experimentation the venous outflow was collected and the micro- 
spheres within were then counted microscopically. This worked well as long as the l .r/ ’/U. 
perfusion fluid was clear, oxygenated dextran or saline, or Krebs solution but we 
encountered considerable difficulties in finding a method for decolonization of the ' V' 
venous blood when blood was usedi as perfusion liquid. We reasoned therefore that if /Vif 
the spheres were made radioactive a simple determination of the radioactivity of the 
venous blood would provide the information necessary to calculate the proportion of ..... .. 
the injected beads that passed through the A-V shunts. A mean' of 2 aliquots was used Vl¬ 
as the aliquot for each injection. This was with the reasonable assumption that the 'v.V 
spheres are distributed at arterial bifurcations in the same proportion as is the f".' " 
blood, the fraction of injected spheres recovered was taken as a measure of the ... 

fraction of arterial blood that had passed through the A-V anastomosis. 


This same principle may also' be used studying the A-V bridge flow with 
the use of microspheres with an arithmetic mean diameter of 14 microns. V 


B. Method .' • . . 

... . . .. '' -It*. ■ ; - •- ■ ' ' - • . 

The microspheres will be obtained from the Minnesota Mining and Manufacturing 
Company. They are received as a crude mixture with diameters varying from 5 to 100 
microns, and with the factory information' with a mean diameter of approximately 28 
microns. Batches of these will have tO'be fractionated into homogenous samples, whose 
size frequency curves will be determined. The fractionation occurs by a series of 
multiple elutriations and timed decantations. In order to obtain' microspheres from 
these batches with a diameter of approximately l4 microns, it is found that a Cook's 
Elutriator is necessary. (S. R. Cooke. U.S. Bureau Mines Reports of Invest., 
no. 3333, 39, 1937-) Another method is to make the microspheres oneself by a torch 
flame method. (K. Sollner. Ind. andi Eng, Chem. 11, 48, 1939*) *" ./ 


The method of making the microspheres radioactive consists of 
subjecting the microspheres to neutron bombardment in the atomic carbon reactor . 
at the Oak Ridge National Laboratory. Through activation analysis we found that the 
main radioactive: source in the bombarded microspheres was sodium£\ which had been 
converted from: the ordinary sodium23 group by neutron capture. The glass of which 
these spheres are made was found to contain approximately 10 $ sodium oxide by weight. 
The sodium^ 1 * which' is mainly a neutron, gamma emittor can thus be- monitored with the 
appropriate gamma ray detectors. The gamma emitting microspheres can thus, be 
measured in blood or tissue without concern: for self absorption. The specific 
gravity of the glass that the microspheres are made from is given as 2 . 5 , but we 
found that over 95 $ have a specific gravity between' 1.59 and 2 . 0 > as they all 
contain some micro air bubbles. This compares more favorably with, the blood 
specific gravity than plastic spheres with a specific gravity of O. 98 . . 


The method can be summarized briefly as follows: 




• 1 . A small amount of the radiated microspheres in the range of 30 to 

50 milligrams is suspended in a vial of l| per cent gelatin: or 50 per cent dextrose 
solution. This suspension is stirred with a magnetic stirrer to keep the spheres in’^ 
suspension as close to a steady state as possible with meticulous observation in 
keeping the temperature constant so that aliquots with as small a variation as ' 

-Vpossible may be withdrawn. v..,,;!,,,;--?;-;.&•?.£:;'. : ..-V-vy-'V : i *7 ■»; 

v .i. v--.. injdtjstry^OQlJ^inifelHtsvu',' ~ 


- i 


.. **.£■ i'*4. •- - 4 






100354140ft 


- 3 - 


2. About 10 ; or 20 microliters of this suspension is drawn with a 
micrometer syringe into a short section of polyethylene tubing, the concentration 
of the: spheres being such that this, volume contains no more than 1,000 spheres. 

3. Through a 27 gauge needle tip at the end of the polyethylene 

tubing, these spheres are injected into the inferior pulmonary artery on the left 7 - 
side supplying the left lower lobe. . ,.. 

4. The inferior pulmonary vein has been cannulated. The cannula ;-v 

is a modified Y shape plastic type, the alternate clamping, of two of the trifurca- 
tions will direct the blood either back to the left atrium of the animal or into a ^ : 

collecting tube. The venous outflow is collected for 20 or 30 seconds, as ; 
previous experimentation has shown an' occasional bead may arrive after 20 second, : ^*h r ' :v 
but no beads will arrive after 30 seconds. On' the basis of calculations of the 
radioactivity per bead, one has found no more than three beads will arrive after a • 
20 : second collection. . • 

5* The glass microspheres are allowed to settle to the bottom of 
the tube which' is then placed in a conventional well-type crystal scintillation 
detector with an appropriate monitoring, device, so that the radioactivity of the 
sphere containing blood can be determined. We have shown with previous experi- . - .• 
mentation that, decantation of the supernatant fluid and subsequent centrifugation 
of this fluid shows no radioactivity, i.e., all beads settle to the bottom of the V 
tube permitting, for gamma-scintillation detection, a very constant, geometry. • ■ 

6. The total blood flow through' the left lower lobe will then be 
measured directly during the phasic inflation of the lung, with a known inflation 
pressure with and without cigarette smoke. The fraction which the radioactivity 
in' the collected venous blood represents of the aliquot thus indicates, the 
arteriovenous anastomotic flow and the capillary flow can thus be easily calculated. 


7* The method has been fully developed and applied to several 
organs at institutions where the Investigator has worked previously for his Ph.D. 
(Department, of Physiology, University of Minnesota) and pilot studies have been, 
made in dog lungs (the University of Maryland Hospital). * \ 

8. Due to. the highly controversial matter at the present time of 
the effect of smoke inhalation', particularly ini the pulmonary circuit, it is felt 
highly desirable to investigate the proposed study. 


9. As there is. no known knowledge regarding A-V bridge flow in 
the mammalian lung, this would have to be investigated with microspheres, with' a 
mean diameter of 14 microns. As mentioned above, these microspheres are 
extremely difficult to separate with ordinary elutriation' equipment, in spite, of 
making the Z-potential optimal for bead distraction by alkalinization, blowtorch 
equipment in the range of $350 or a Cook elutriator will be required. 


6. Budget Plan: (See attached sheet for breakdown.): 

Salaries 

Expendable Supplies 
Permanent Equipment 
Overhead (15$) 

Other 

- - : Total 


14,178,00 

1,365.00 

3,665.50 

2,601.45 

1,800,00 

$23,609.95 



Source; 
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7. Anticipated Duration of Work: 1 year 

8'. Facilities and Staff Available: Investigator 

The above Technician _ 

The Lab Attendant 
One Thoracic Surgery Resident 
Dr. Alan Horres, Ph.D., in charge of 
cardiopulmonary research lab'. 

9- Additional Requirements: 1. 

1- " v; ’l ^ • . ■ ,. t 

Rooms available in Surgical Research Laboratory: : - 

(43 6 ) Large operating room, 16' x l6'3", with extension 6'20* x 20" 

One roomi for sterile setup and autoclaving, 9'3" x 17'8" v . • 

(446) Gas determination laboratory, l6'2" x l6'4" 

(456) Cardiopulmonary function laboratory 11 * 5 ^" x l8'8" - u ... 

(450 ) 1 Radio monitoring and equipment room, 16’9" x 17'5". (This, will have, 
to be shared with another department.) 

10. Additional Information: 

This work will be related to other projects in the field of differential 
flow in and to various organs. . . . ' 

We anticipate, with your support, to extend the present investigation to 
the differential flow in human emphysematous lungs. As smoking has been'blamed as 
the major contributor to the development of emphysema, it would be quite: pertinent to 
find out whether the flow pattern in the lung, acutely exposed to cigarette smoke shows 
any similarity to the blood flow pattern' in the emphysematous lung. 

As this Institution has quite a few emphysema patients under treatment, 
we have access to a fairly large file of such patients. The extended study then would 
include pump' perfusion studies with oxygenated blood through the excised human 
emphysematous lungs. 

It is obvious that this method has a wide variety of applications, in 
the physiological and pathological states of various organs. 

We have at the present time no other source of supply for this possible 
variety of projects. 


Signature Esten Lindseth _ 

Director of Project 


Ewell E. Bessent 


Treasurer and Controller 
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BUDGET PLAN: 


Salaries: Investigator 

6,000' 


Social Security 

144 


Technic iani 

4,800 


Social Security 

144: 


Dog Lab Attendant 

3,000 


Social Security 

90 




~ : 14,178 

Expendable Supplies: 



Glassware, chemicals, 



microspheres 

825 


30 Dogs @ $9 

270 


54-0 Dog days © . 50 /dog/day 

270 




1,365 

Permanent Equipment: 



Elutriation' equipment excluding 



the Cooks elutriator 

500 


Stopwatch and stand 

22 


Brownwill infusion apparatus 

560 


Microscope, B.&L., BVB 73, 



and illuminator 

442 


Filar micrometer eyepiece 

103 

„ 

Glass stage micrometer disc 

21.50 


Scaler l 8 lA, Nuclear-Chicago 

830 


Timer T-l 

102 


Scintillation Well Counter, N-C, 



Model DS5-5 

1,035 

. 

Transportation 

50 




3 , 865 .: 

Other: Cost of irradiation of micro- 



spheres per shipment $60 -j- 



$ 15 ' transport, 24 shipments 

1,800 



1,800 


Overhead, at I5^> 


$ 21 , 008.50 


2,601.45 


TOTAL 





Source: https://www.industrydocumehts.,ucsf.ed.0/clocs/lhvra0i3Q0 1 


$ 23 , 609.95 
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